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ОЦЕНКА ЭФФЕКТИВНОСТИ ИСПОЛЬЗОВАНИЯ ПИРОЛИЗНОГО 
ТЕПЛОГЕНЕРАТОРА В СХЕМАХ  ТЕПЛО- И ЭЛЕКТРОСНАБЖЕНИЯ
В работе представлены результаты сравнительного анализа эффективности 
использования теплогенератора пиролизного типа в энергетических схемах комбинированного 
производства тепловой и электрической энергии.
У роботі представлені результати порівнювального аналізу ефективності викорис-
тання теплогенератора піролізного типу в енергетичних схемах комбінованого виробництва 
теплової і електричної енергії.
ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɲɢɯ ɪɚɛɨɬɚɯ >1, 2] ɛɵɥɚ ɩɨɤɚɡɚɧɚ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɜɧɟɞɪɟɧɢɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ ɬɟɩɥɨ- ɢ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ,  ɧɟ ɡɚɜɢɫɹɳɢɯ ɨɬ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɫɧɚɛɠɟɧɢɹ 
ɬɨɩɥɢɜɨɦ. Ɋɟɱɶ ɲɥɚ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɜɟɪɞɨɣ ɛɢɨɦɚɫɫɵ (ɞɪɟɜɟɫɢɧɚ, ɫɨɥɨɦɚ, ɨɬɯɨɞɵ 
ɩɢɳɟɜɨɝɨ ɢ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜ) ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ, ɫɠɢɝɚɟɦɨɝɨ ɜ 
ɬɟɩɥɨɝɟɧɟɪɚɬɨɪɚɯ ɩɢɪɨɥɢɡɧɨɝɨ ɬɢɩɚ (ɌɉɌ). ɉɨɞɬɜɟɪɠɞɟɧɢɟɦ ɚɤɬɭɚɥɶɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɬɚɤɨɣ 
ɬɟɯɧɨɥɨɝɢɢ   ɹɜɥɹɸɬɫɹ  ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ  ɩɭɛɥɢɤɚɰɢɢ, ɨɛɨɛɳɟɧɢɟ  ɤɨɬɨɪɵɯ  ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ  
>3, 4@. 
ɇɚɫɬɨɹɳɚɹ ɫɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɚɧɚɥɢɡɭ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɝɟɧɟɪɚɬɨɪɨɜ ɩɢɪɨɥɢɡɧɨɝɨ ɬɢɩɚ ɞɥɹ ɚɜɬɨɧɨɦɧɨɝɨ 
ɷɥɟɤɬɪɨ ɢ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɤɚɤ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ, ɬɚɤ ɢ ɫɨɰɢɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ. 
ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɜɚ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɝɟɧɟɪɢɪɨɜɚɧɢɹ 
ɷɧɟɪɝɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɨɡɞɭɲɧɨɣ ɬɭɪɛɢɧɵ (ȼɌ) ɢ ɩɚɪɨɬɭɪɛɢɧɧɨɣ (ɉɌɍ) ɫɯɟɦɵ. 
Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ 
 ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɚ ɩɟɪɜɚɹ ɫɯɟɦɚ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɷɧɟɪɝɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ȼɌ. 
 
 
 
Ɋɢɫ. 1. ɋɯɟɦɚ  ɌɉɌ ɫ  ȼɌ   
ɉɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ, ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɜ ɬɟɩɥɨɝɟɧɟɪɚɬɨɪɟ  (ɌɉɌ), ɩɨɫɬɭɩɚɸɬ ɜ ɤɚɦɟɪɭ 
ɧɚɝɪɟɜɚ ɜɨɡɞɭɯɚ (Ʉɇȼ) ɢ ɞɚɥɟɟ – ɜ ɬɟɩɥɨɭɬɢɥɢɡɚɬɨɪ (Ɍɍ), ɝɞɟ ɢɞɟɬ ɧɚɝɪɟɜ ɜɨɞɵ, ɩɨɞɚɜɚɟɦɨɣ ɤ 
ɬɟɩɥɨɩɨɬɪɟɛɢɬɟɥɸ (Ɍɉ). ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɥɨɤ ɭɫɬɚɧɨɜɤɢ ɜɤɥɸɱɚɟɬ ɜɨɡɞɭɲɧɭɸ ɬɭɪɛɢɧɭ 
(ȼɌ), ɪɟɝɟɧɟɪɚɬɨɪ (Ɋ), ɤɨɦɩɪɟɫɫɨɪ (Ʉ) ɞɥɹ ɫɠɚɬɢɹ ɜɨɡɞɭɯɚ ɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɤɨɦɩɪɟɫɫɨɪɚ 
(ɗɉɄ). 
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ȼ ɷɧɬɪɨɩɢɣɧɨɣ ɞɢɚɝɪɚɦɦɟ TS ɞɥɹ ɩɨɹɫɧɟɧɢɹ ɩɪɨɰɟɞɭɪɵ ɩɚɪɚɦɟɬɪɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ 
ɩɪɟɞɫɬɚɜɥɟɧ ɰɢɤɥ ȼɌ ɫ ɩɨɞɜɨɞɨɦ ɬɟɩɥɨɬɵ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ. 
 
 
Ɋɢɫ. 2. ɐɢɤɥ ȼɌ 
 
ɋɨɫɬɨɹɧɢɟ ɜɨɡɞɭɯɚ ɜ ɭɡɥɨɜɵɯ ɬɨɱɤɚɯ ɫɯɟɦɵ  (ɪɢɫ. 1) ɢ ɰɢɤɥɚ (ɪɢɫ. 2) ɨɛɨɡɧɚɱɟɧɵ 
ɨɞɢɧɚɤɨɜɵɦɢ ɰɢɮɪɚɦɢ. 
ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢɧɹɬɵ : 
– ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɡɚ ɌɉɌ tȺ, ɡɚɞɚɜɚɟɦɚɹ ɜ ɬɪɟɯ ɭɪɨɜɧɹɯ: 1200, 1000, ɢ 
800°C, ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɜ ɪɟɚɥɢɡɚɰɢɢ ɪɹɞɨɦ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ >1@; 
– ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ t1 ɨɬ -30 ɞɨ 40°C; 
– ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ t4 = 700°C; 
– ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ E = P2/P1 ɡɚɞɚɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 2 ɞɨ 6; 
Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɚɧɚɥɢɡɚ (ɧɟ ɜɥɢɹɸɳɟɝɨ ɧɚ ɤɨɧɟɱɧɵɟ ɜɵɜɨɞɵ) ɩɪɢɧɢɦɚɟɦ, ɱɬɨ t3 = t5 ɢ  
t6 = t2. 
ɉɪɢ ɡɚɞɚɜɚɟɦɨɣ ɜɟɥɢɱɢɧɟ E 
kkTTT /)1(126
E     ɢ       kkTTT /1453 E  . 
ȼɨ ɜɫɟɯ ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɥɨɫɶ, ɱɬɨ T4 = TA – 10K 
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ɝɞɟ Koiɬ ɢ Koiɤ – ɢɧɞɢɤɚɬɨɪɧɵɟ ɄɉȾ ɬɭɪɛɢɧɵ ɢ ɤɨɦɩɪɟɫɫɨɪɚ, ɩɪɢɧɢɦɚɟɦɵɟ ɪɚɜɧɵɦɢ 
0,86; 
Cpɜ – ɫɪɟɞɧɹɹ ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ; 
Kɦɬ ɢ Kɦɤ – ɦɟɯɚɧɢɱɟɫɤɢɟ ɄɉȾ ɬɭɪɛɢɧɵ ɢ ɤɨɦɩɪɟɫɫɨɪɚ, ɩɪɢɧɢɦɚɟɦɵɟ ɪɚɜɧɵɦɢ 0,95; 
Kɩɤɢ Kɷɝ – ɄɉȾ ɩɪɢɜɨɞɚ ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɧɢɦɚɟɦɵɟ ɪɚɜɧɵɦɢ 0,97. 
ɂɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɤɚɦɟɪɵ ɧɚɝɪɟɜɚ ɜɨɡɞɭɯɚ (Ʉɇȼ) ɧɚɯɨɞɢɦ ɪɚɫɯɨɞ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ Mɩɫ, ɤɚɤ 
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ɝɞɟ Cpɩɫ – ɫɪɟɞɧɹɹ ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
ɨɬ TA ɞɨ Tȼ. 
ɉɪɢ ɡɚɞɚɧɧɨɦ ɜɢɞɟ ɬɨɩɥɢɜɚ ɩɨ ɢɡɜɟɫɬɧɵɦ ɫɨɨɬɧɨɲɟɧɢɹɦ >4] ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɫɫɨɜɵɣ 
ɪɚɫɯɨɞ mɩɫ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɩɪɢɯɨɞɹɳɢɣɫɹ ɧɚ 1 ɤɝ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ ɢ ɬɪɟɛɭɟɦɵɣ 
ɟɝɨ ɪɚɫɯɨɞ Mɬ = Mɩɫ / mɩɫ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɢ ɢɯ ɞɨɥɹ ɜ ɨɛɳɟɦ ɪɚɫɯɨɞɟ 
ɩɨɡɜɨɥɹɸɬ ɜɵɱɢɫɥɢɬɶ ɜɟɥɢɱɢɧɭ ɩɫpC . 
ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɫpC  ɢ mɩɫ ɧɚɯɨɞɹɬɫɹ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ  
ȝ = 1, ɚ ɞɚɥɟɟ ɭɬɨɱɧɹɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɦɟɸɳɢɦɢɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ. 
Ɍɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɌɉɌ ɧɚɯɨɞɢɬɫɹ, ɤɚɤ 
                                                            Ap TCMQ  ɩɫɩɫ0  .      (3) 
Ʉɚɤ ɩɪɢɧɹɬɨ, ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɰɢɤɥɨɜ, ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɜɢɞɟ 
                                                             0ɬɩ QQNK ɷɥ   ,    (4) 
ɝɞɟ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɧɧɚɹ ɬɟɩɥɨɩɨɬɪɟɛɢɬɟɥɸ ɪɚɜɧɚ  
                                        ɝɜɝɜɝɜɬɩ tCMQ ' ,     (5) 
ɝɞɟ Mɝɜ – ɪɚɫɯɨɞ ɝɨɪɹɱɟɣ ɜɨɞɵ, ɩɨɞɚɜɚɟɦɨɣ ɩɨɬɪɟɛɢɬɟɥɸ ɩɪɢ ɫɬɟɩɟɧɢ ɟɟ ɧɚɝɪɟɜɚ ǻtɝɜ. 
ɉɪɢ ɷɬɨɦ ɢɡ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɬɟɩɥɨɭɬɢɥɢɡɚɬɨɪɚ (Ɍɍ) 
                                                      
ɝɜɝɜ
ɜɩɫɩɫ
ɝɜ
)(
tC
TTCM
M ɫp '
    .    (6) 
ȼ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɥɨɫɶ, ɱɬɨ Tɫ = T1ɝɜ + 10, ɝɞɟ T1ɝɜ – ɬɟɦɩɟɪɚɬɭɪɚ 
ɝɨɪɹɱɟɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɬɟɩɥɨɭɬɢɥɢɡɚɬɨɪ. 
Ɋɚɫɫɦɨɬɪɢɦ ɜɬɨɪɨɣ ɜɚɪɢɚɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɌɉɌ ɜ ɫɯɟɦɟ ɫ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɨɣ, 
ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫ. 3. 
 
 
Ɋɢɫ. 3. ɋɯɟɦɚ ɌɉɌ ɫ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɨɣ. 
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ɂɡ ɌɉɌ ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ TȺ ɩɨɫɬɭɩɚɸɬ ɜ ɩɪɹɦɨɬɨɱɧɵɣ ɠɚɪɨɬɪɭɛɧɵɣ 
ɩɚɪɨɝɟɧɟɪɚɬɨɪ (ɉȽ), ɜ ɤɨɬɨɪɨɦ ɤɨɧɞɟɧɫɚɬ, ɩɨɞɚɜɚɟɦɵɣ ɢɡ ɫɛɨɪɧɨɝɨ ɛɚɤɚ (ɋȻ) ɩɢɬɚɬɟɥɶɧɵɦ 
ɧɚɫɨɫɨɦ (ɉɇ) ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɩɚɪ. ȼ ɫɨɫɬɨɹɧɢɢ 1 ɩɟɪɟɝɪɟɬɵɣ ɩɚɪ ɩɨɫɬɭɩɚɟɬ ɜ ɩɚɪɨɜɭɸ 
ɬɭɪɛɢɧɭ (ɉɌ), ɩɪɢɜɨɞɹɳɭɸ ɜ ɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪ (ɗȽ). Ɉɬɪɚɛɨɬɚɜɲɢɣ ɩɚɪ (ɫɨɫɬɨɹɧɢɟ 
2ɞ) ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɤɨɧɬɚɤɬɧɨɝɨ ɬɢɩɚ (Ʉ) ɡɚ ɫɱɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ 
ɪɚɫɩɵɥɟɧɧɵɦ ɜ ɨɪɨɫɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ (Ɉɋ) ɤɨɧɞɟɧɫɚɬɨɦ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɯɥɚɠɞɟɧɧɵɦ ɜ 
ɫɭɯɨɣ ɝɪɚɞɢɪɧɟ (ȽɊ). 
ɉɨɫɥɟ ɉȽ ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ Tȼ ɩɨɫɬɭɩɚɸɬ ɜ ɬɟɩɥɨɭɬɢɥɢɡɚɬɨɪ (Ɍɍ) ɜ 
ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɧɚɝɪɟɜ ɜɨɞɵ, ɩɨɞɚɜɚɟɦɨɣ ɤ ɬɟɩɥɨɩɨɬɪɟɛɢɬɟɥɸ (Ɍɉ) ɫɟɬɶɟɜɵɦ ɧɚɫɨɫɨɦ 
(ɋɇ). ɉɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɩɨɤɢɞɚɸɬ Ɍɍ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ Tɫ. 
ɉɪɨɬɢɜɨɞɚɜɥɟɧɢɟ ɩɚɪɚ ɡɚ ɬɭɪɛɢɧɨɣ ɩɪɢɧɢɦɚɟɬɫɹ P2 = 1,2 ɛɚɪ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ ɡɚ ɉȽ ɩɪɢɧɢɦɚɟɬɫɹ ɤɚɤ Tȼ = T1 + 40 °C. ɉɪɢ ɷɬɨɦ ɜ ɪɚɫɱɟɬɚɯ ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɟɪɟɞ 
ɬɭɪɛɢɧɨɣ ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 250 ɞɨ 450 °C, ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɟɝɨ ɞɚɜɥɟɧɢɹ ɨɬ 20 ɞɨ 80 
ɛɚɪ. Ɍɟɦɩɟɪɚɬɭɪɚ Tɫ ɡɚ ɬɟɩɥɨɭɬɢɥɢɡɚɬɨɪɨɦ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 120°C. 
ɇɚ ɨɫɧɨɜɟ ɢɡɜɟɫɬɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɨɨɬɧɨɲɟɧɢɣ ɞɥɹ ɪɚɫɱɟɬɚ ɩɚɪɨɫɢɥɨɜɨɝɨ 
ɰɢɤɥɚ, ɚ ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɪɚɜɧɟɧɢɣ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, ɛɵɥɨ 
ɩɨɥɭɱɟɧɨ ɪɚɫɱɟɬɧɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɢ ɌɉɌ, Q0 ɞɥɹ 
ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɡɚɞɚɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ Nɷɝ ɧɚ ɤɥɟɦɦɚɯ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɚ. 
 
                                                          ɩɝɷɝɦ
Ⱥɷɝ0 KKKKK oitȼȺ TT
TNQ .        (7) 
 
Ɂɞɟɫɶ Kt  – ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ ɰɢɤɥɚ, ɪɚɜɧɵɣ  
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ii
ii
t 
 K ,                           (8) 
 
ɝɞɟ i2 – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɰɟ ɟɝɨ ɚɞɢɚɛɚɬɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɜ ɬɭɪɛɢɧɟ; 
Koi – ɢɧɞɢɤɚɬɨɪɧɵɣ ɄɉȾ ɬɭɪɛɢɧɵ, ɪɚɜɧɵɣ 
 
                                                            28,0 yoi  K ,     (9) 
 
ɝɞɟ y2 – ɫɬɟɩɟɧɶ ɜɥɚɠɧɨɫɬɢ ɩɚɪɚ; 
Kɦ – ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɬɭɪɛɢɧɵ, ɪɚɜɧɵɣ 0,95; 
Kɩɝ – ɄɉȾ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, ɪɚɜɧɵɣ 0,96. 
Ɍɚɤ ɤɚɤ ɡɧɚɱɟɧɢɹ TȺ, Kt ɢ Koi ɨɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɢɡɚɰɢɟɣ ɰɢɤɥɚ, ɬɨ ɭɪɚɜɧɟɧɢɟ (7) 
ɨɛɨɛɳɟɧɧɨ ɨɬɪɚɠɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ Q0 ɮɚɤɬɢɱɟɫɤɢ ɨɬ ɜɫɟɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɚɪɨɫɢɥɨɜɨɣ 
ɭɫɬɚɧɨɜɤɢ ɢ ɬɟɩɥɨɝɟɧɟɪɚɬɨɪɚ ɩɢɪɨɥɢɡɧɨɝɨ ɬɢɩɚ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɪɚɛɨɬɚ ɷɧɟɪɝɨɛɥɨɤɚ 
ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɚɜɬɨɧɨɦɧɨɣ (ɛɟɡ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɜɧɟɲɧɟɣ ɷɥɟɤɬɪɨɫɟɬɢ), ɬɨ ɡɚɬɪɚɬɵ ɧɚ ɩɪɢɜɨɞ  
ɩɢɬɚɬɟɥɶɧɨɝɨ ɢ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɨɜ ɹɜɥɹɸɬɫɹ ɬ.ɧ. ɫɨɛɫɬɜɟɧɧɵɦɢ ɧɭɠɞɚɦɢ ɭɫɬɚɧɨɜɤɢ. 
ɉɨɷɬɨɦɭ ɩɨɥɟɡɧɭɸ ɦɨɳɧɨɫɬɶ Nɩ ɫɥɟɞɭɟɬ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ 
 
                                                    )( ɩɧɷɝɩ ɰɧNNNN   .    (10) 
ɝɞɟ Nɩɧ ɢ Nɰɧ – ɦɨɳɧɨɫɬɶ ɩɪɢɜɨɞɚ ɩɢɬɚɬɟɥɶɧɨɝɨ ɢ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɨɜ. 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɡɜɟɫɬɧɵɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ  
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ɰɧɰɜ3
ɰɜɰɜ
ɰɧ
10 KU
' PMN , ɤȼɬ               (12) 
 
ɝɞɟ Uɤ = Uɰɜ – ɩɥɨɬɧɨɫɬɶ ɤɨɧɞɟɧɫɚɬɚ ɩɚɪɚ ɢ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ, ɩɪɢɧɢɦɚɟɦɵɟ 
ɪɚɜɧɵɦ 103 ɤɝ/ɦ3. 
Mɩ – ɪɚɫɯɨɞ ɤɨɧɞɟɧɫɚɬɚ (ɪɚɜɧɵɣ ɪɚɫɯɨɞɭ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ); 
Mɰɜ – ɪɚɫɯɨɞ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ; 
ǻPɰɜ – ɧɚɩɨɪ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ, ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ 2·105 ɉɚ. 
ɂɡ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɤɨɧɞɟɧɫɚɬɨɪɚ ɩɨɥɭɱɢɦ  
 
                                                
  ȿȾɞ ttCp
iiM
M 
 32ɩɰɜ  ,    (13) 
 
ɝɞɟ (tȾ – tȿ) – ɫɬɟɩɟɧɶ ɨɯɥɚɠɞɟɧɢɹ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɜɨɞɵ ɜ ɝɪɚɞɢɪɧɟ, ɩɪɢɧɢɦɚɟɦɨɣ 
ɪɚɜɧɨɣ 10 °C. 
 
ɂɡ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɛɥɨɤɚ (Ɍɍ) – (Ɍɉ) ɫɥɟɞɭɟɬ: 
 
                                           ɬɩɝɜɝɜɬɭɜɩɫɩɫ [ K FGɫ TTpCMTTpCM ,                  (14) 
 
ɝɞɟ Kɬɭ = 0,95 – ɄɉȾ ɬɟɩɥɨɭɬɢɥɢɡɚɬɨɪɚ (Ɍɉ); 
ȟɬɩ = 1,05 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɬɟɩɥɨɩɨɬɪɟɛɢɬɟɥɹ (Ɍɉ); 
Mɝɜ – ɪɚɫɯɨɞ ɝɨɪɹɱɟɣ ɜɨɞɵ, ɧɚɝɪɟɜɚɟɦɨɣ ɨɬ 40 ɞɨ 85 °C; 
ɝɜpC – ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɨɪɹɱɟɣ ɜɨɞɵ. 
ɂɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɹ (3), (7) ɢ (14), ɩɨɥɭɱɢɦ 
                                                    
 
  ɬɩɝɜ
ɬɭɜ
0ɝɜ [
K 
FGȺ
ɫ
TTpCT
TT
QM .   (15) 
 
Ⱦɥɹ ɨɰɟɧɤɢ ɨɛɳɟɣ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɚɤ 
                                                                    
0
ɬɭɷɝ
Q
QN
K
 .              (16) 
 
 ɋ ɭɱɟɬɨɦ ɭɪɚɜɧɟɧɢɣ (7), (14), (15) ɢ (16) ɩɨɥɭɱɢɦ 
 
                                       > @ɬɭɜɩɝɷɝɦɜ1 KKKKKK ɫoitȺ
Ⱥ
TTTT
T
K  .  (17) 
 
ɉɪɢ ɷɬɨɦ, ɟɫɥɢ ɩɪɢɨɪɢɬɟɬɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ ɫɱɢɬɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɭɸ 
ɦɨɳɧɨɫɬɶ ɧɚ ɤɥɟɦɦɚɯ ɝɟɧɟɪɚɬɨɪɚ Nɷɥ, ɬɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɦɧɨɝɨɜɚɪɢɚɧɬɧɵɯ 
ɪɚɫɱɟɬɨɜ ɦɚɤɫɢɦɭɦ Nɷɥ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ȽɌɍ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɫɬɟɩɟɧɢ ɫɠɚɬɢɹ ɜ 
ɤɨɦɩɪɟɫɫɨɪɟ E = 3,2 , ɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ (ɉɌ) ɷɬɨ ɢɦɟɟɬ ɦɟɫɬɨ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ 340°C ɜ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɧɚɱɚɥɶɧɨɝɨ 
ɞɚɜɥɟɧɢɹɩɚɪɚ ɨɬ 20 ɞɨ 80 ɛɚɪ. 
 Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ 
(ȽɌ) ɢ ɩɚɪɨɬɭɪɛɢɧɧɨɝɨ (ɉɌ) ɰɢɤɥɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ. 
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                                                                                                                                   Ɍɚɛɥɢɰɚ 
ɉɨɤɚɡɚɬɟɥɢ ɪɚɛɨɬɵ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ (ȽɌ) ɢ ɩɚɪɨɬɭɪɛɢɧɧɨɝɨ (ɉɌ) ɛɥɨɤɨɜ 
 
Ɍɟɦɩɟɪɚɬɭɪɚ TA, °C 800 1000 1200 
Ɇɨɳɧɨɫɬɶ ɧɚ 
ɤɥɟɦɦɚɯ ɝɟɧɟɪɚɬɨɪɚ 
N, ɤȼɬ 
ȽɌ 100 134 157 
ɉɌ 95 107 125 
Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɢɫɩɨɥɶɡɨɜɚɧɢɹ, 
Ʉ 
ȽɌ 0,397 0,410 0,457 
ɉɌ 0,309 0,319 0,370 
Ɋɚɫɯɨɞ ɝɨɪɹɱɟɣ ɜɨɞɵ 
Mɝɜ, ɬ/ɱɚɫ 
ȽɌ 8,70 7,00 5,82 
ɉɌ 6,20 5,2 4,1 
 
 ȼɫɟ ɜɚɪɢɚɧɬɵ ɪɚɫɱɟɬɚ ɜɵɩɨɥɧɟɧɵ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɬɟɩɥɨɝɟɧɟɪɚɬɨɪɚ Q0, 
ɩɪɢɧɹɬɨɣ ɪɚɜɧɨɣ 1 Ɇȼɬ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ >1@, ɱɬɨ ɪɟɚɥɢɡɚɰɢɹ ɭɤɚɡɚɧɧɨɣ 
ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ, ɤ ɩɪɢɦɟɪɭ, ɩɪɢ ɫɠɢɝɚɧɢɢ ɜ ɫɪɟɞɧɟɦ 300 – 350 ɤɝ/ɱɚɫ 
ɞɪɟɜɟɫɧɵɯ ɨɬɯɨɞɨɜ. 
ȼɵɜɨɞɵ 
1. ɍɱɢɬɵɜɚɹ ɬɨ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɨɬɯɨɞɵ 
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɫɬɨɢɦɨɫɬɶ ɤɨɬɨɪɵɯ ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ ɫɬɨɢɦɨɫɬɢ ɬɪɚɞɢɰɢɨɧɧɵɯ ɜɢɞɨɜ 
ɬɨɩɥɢɜɚ, ɪɟɚɥɢɡɚɰɢɹ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜ ɫɬɚɬɶɟ ɫɯɟɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨɣ. 
2. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɛɥɨɤɨɜ ȽɌ ɢ ɉɌ ɩɨɤɚɡɵɜɚɟɬ ɛɟɡɭɫɥɨɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɜɚɪɢɚɧɬɚ, ɨɞɧɚɤɨ 
ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɩɪɢ ɨɰɟɧɤɟ ɜɟɥɢɱɢɧɵ ɤɚɩɢɬɚɥɶɧɵɯ 
ɡɚɬɪɚɬ, ɨɩɪɟɞɟɥɹɟɦɵɯ ɫɬɨɢɦɨɫɬɶɸ ɤɨɧɤɪɟɬɧɵɯ ɛɥɨɤɨɜ ɫɯɟɦɵ (ɬɭɪɛɢɧɵ, ɤɨɦɩɪɟɫɫɨɪɚ, 
ɪɟɝɟɧɟɪɚɬɨɪɚ, ɝɪɚɞɢɪɧɢ, ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ ɢ ɩɪ.). 
3. ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɪɟɚɥɢɡɚɰɢɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɪɟɲɟɧɢɹ ɜɨɡɦɨɠɧɚ 
ɥɢɲɶ ɧɚ ɛɚɡɟ ɝɨɬɨɜɵɯ ɛɥɨɤɨɜ, ɜɵɩɭɫɤɚɟɦɵɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɬɟɩɥɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɰɟɥɟɣ. 
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EFFICIENCY OF PYROLISIS STEAM GENERATOR USING FOR ELECTRIC 
AND  HEAT SUPPLY
E. G . BRATUTA,  Doct. Tech.Sci., professor,
 A. R. SEMENEI, post-graduate student 
The results of  comparative analyze of pyrolisis type steam generators use in energy schemes 
for combined production of heat and electric energy are presented.
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